degenerative disease. [4] [5] [6] [7] TLIF results in higher rates of fusion compared with other interbody fusion approaches. [4] In 2003, Foley et al. [8] demonstrated that minimally invasive TLIF (MIS-TLIF) results in fewer muscle and tissue lesions compared with traditional open-TLIF; thus, this approach has a better outcome, although there are disadvantages. [4] Meta-analyses that have compared open-TLIF and MIS-TLIF have indicated that MIS-TLIF is associated with better functional outcomes, less blood loss, and a shorter hospital stay compared with open-TLIF. However, both of these procedures had no significant effect on the fusion rate, operation time, complications, or reoperation rate. Moreover, there were several limitations such as a lower evidence level and a lack of important data in some studies. [4] [5] [6] Thus, we aimed to determine whether MIS-TLIF and open-TLIF had a significant effect on the fusion and complication rate with the technical development of the minimally invasive approach and the inclusion of additional studies. The question arose as to whether an updated meta-analysis would provide additional information and a higher clinic reference value. Thus, we aimed to provide an updated review of the literature to compare these two methods.
MeThods
This study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses. [9] 
Literature search
The literature searches comprised Medical Subject Heading (MeSH) terms and key words in Medline: the MeSH term was degenerative intervertebral disc degeneration and the subheadings were surgery or therapy (n = 1146); the keywords combined "transforaminal lumbar interbody fusion" or "TLIF" with "MIS", "minimally invasive", or "minimally invasive spine surgery (n = 246)". In Embase, the Emtree term included intervertebral disk degeneration and the subheadings were surgery or therapy (n = 929); the keywords combined "transforaminal lumbar interbody fusion" or "TLIF" with "MIS", "minimally invasive", or "minimally invasive spine surgery (n = 327)". A web of science search was conducted by combining the keywords "transforaminal lumbar interbody fusion" or "TLIF" with "MIS", "minimally invasive", or "minimally invasive spine surgery (n = 386)". In China National Knowledge Infrastructure (CNKI), Wanfang, and VIP database, the search was conducted using the keywords "minimally invasive, MIS" and "transforaminal lumbar interbody fusion (CNKI = 154, Wanfang = 168, and VIP = 59)". A linguistic restriction was imposed on the search as recommended by the Cochrane Back Review Group editorial board. [10, 11] The retrieval time ranged from the date when the database was founded to January 2015. To identify other relevant articles, the reference lists of the identified studies and review articles were also reviewed. Two reviewers independently screened all articles via the titles, abstracts, or full texts to determine the study inclusion. The authors and journals were known to the two reviewers. When different viewpoints occurred regarding a single study, a discussion ensued until a consensus was reached.
Study eligibility criteria
The inclusion criteria were as follows: (1) English and Chinese literature; (2) the study design was a comparative article (MIS-TLIF versus open-TLIF); (3) the article reported at least one clinic outcome or perioperative data; (4) the patients suffered from degenerative disc diseases (disc herniation, canal stenosis, or spondylolisthesis); isthmic spondylolisthesis was also included; (5) the sample size comprised at least ten patients for both groups; and (6) the full text was available. Reduplicated studies, case reports, cadaveric or biomechanical studies, non-English/Chinese articles, and patients treated via MIS-TLIF or open-TLIF for other diseases were excluded.
Data extraction
We obtained data from the included studies in the following categories: (1) authors and year of publication; (2) study design; (3) class of evidence; (4) total number of enrolled patients and number per group (MIS-TLIF and open-TLIF); (5) mean follow-up time; (6) follow-up time and rate (%); (7) mean age; (8) percentage of male and female patients; (9) diagnosis (divided into three categories: degenerative disc disease, spondylolisthesis, and others); (10) inclusion/exclusion criteria; (11) clinical outcomes; (12) perioperative data; (13) fusion definition and evaluation measure; (14) number of lumbar segments treated; (15) level of fusion (divided into L4-L5, L5-S1, and others); (16) use of grafts and types; (17) use of cages and types; (18) use of screw fixation and means; and (19) number of complications. We did not define complications in advance. Rather, the overall complications were collected.
Study quality
The study evidence class was determined using the Oxford Centre for Evidence-based Medicine-Levels of Evidence (March 2009). Good quality randomized controlled trials (RCTs) were considered Class I evidence. Moderate or poor quality RCT and good quality cohort studies were considered Class II evidence. Moderate or poor quality cohort studies and case-control studies were considered Class III evidence. Case series studies were considered Class IV evidence. [12] The articles were independently assessed by two reviewers, and discrepancies were resolved by discussion until a consensus was reached.
Statistical analysis
Continuous variables (Oswestry Disabilities Index [ODI], visual analog score [VAS] , mean blood loss, length of stay, and operation time) were analyzed using weighted mean differences (WMDs) with the 95% confidence interval (CI ). Dichotomous data (fusion rate, overall complication rate, and reoperation rate) were analyzed using the relative risk (RR) measure and 95% CI. The included studies were different in several variables such as the fusion definition, estimation of blood loss, VAS or ODI scale, surgical techniques, and patient conditions; thus, these variables were not the same for the overall studies within each group. Therefore, a random-effects model was more suited for this study because it enables a distribution in contrast to a fixed-effects model. All tests defined P < 0.05 as significant. Funnel plots were used to assess the publication bias. A symmetrical plot indicates no bias, whereas an asymmetric plot indicates publication bias [ Supplementary Figure 1] . Further analysis of the database was conducted using Review Manager 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014).
resulTs

Selected studies and characteristics
The details of the search strategy and selection are shown in Figure 1 . We identified 24 eligible, comparative cohort studies from 780 potential studies in the initial literature search by independently judging the titles, abstracts, and full texts of all potential studies. The eligible studies included one RCT, eight prospective, and 15 retrospective cohort studies. All included studies were written in English or Chinese, and the full text was available. Ten studies were excluded because they included data from patients in previously published studies [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] and seven studies were removed because the included diseases did not fulfill the inclusion criteria. [47] [48] [49] [50] [51] [52] [53] One study had three subgroups, which were grouped by the number of surgery segments. We included only the one segment group because the number of patients in the other groups did not meet the inclusion criteria. [20] There were 1967 patients in this study. There were 19 studies in which the diagnoses included degenerative disc disease; however, the diagnostic information was not clearly classified in two studies. Eighteen papers reported patients with only one segment surgery and one paper did not provide relevant information. The interbody device was used in all studies. All papers reported the use of bone graft information. Five of the included studies applied rhBMP-2. [13] [14] [15] 23, 30] The detailed information regarding these studies is shown in Table 1 .
We also compared the baseline of the 24 included studies. One study considered nine aspects when comparing the two groups, five studies considered eight aspects, twelve studies considered seven aspects, three studies considered six aspects, two studies considered five aspects, and one study considered three aspects. However, there were different factors in the same number of aspects in the comparison of the MIS and open groups. There were significant differences between groups in several study variables, including the number of patients in both groups in eight studies, the mean age in one study and gender in one study. The other baseline characteristics were not significantly different between the two groups in the included studies [ Table 2 ].
Methodological quality assessment
There were one Level I evidence study, three Level II evidence studies, and twenty Level III evidence studies according to the previously described assessment criteria for class of evidence.
Meta-analysis results
Functional outcomes
Multiple measurements were used to assess the patient functional outcome, such as lower back and/or leg pain VAS (VAS-BP/LP), ODI, EuroQol-5D, Japanese Orthopaedic Association Scores (JOA), Short Form 12 Health Survey or Short Form 36 Health Survey; however, the most reported measurements were the VAS-BP/LP and ODI. Thus, we selected these variables as the functional outcome standard. The mean preoperative VAS-LP was MIS: open = 7.0:6.9; the VAS-BP was MIS: open = 6.9:6.9; and the ODI was MIS: open = 49:50. The details are shown in Table 3 , and there were no significant differences between the groups.
Twenty studies reported the VAS-BP; however, four studies only reported a mean VAS-BP score. Statistical analysis was feasible after standardization pooling to compare the functional outcome. The pooled postoperative analysis indicated that the MIS group had a significantly lower mean VAS-BP compared with the open group (WMD = −0.44; 95% CI: −0.71 to −0.18; P = 0.001; random-effects model) [ Figure 2 ]. In addition, nine studies reported the VAS-LP, including seven studies that reported the mean and standard deviation (SD) score. Statistical analysis was feasible after standardization pooling to compare the functional outcome. The pooled postoperative analysis indicated that the MIS group had a lower score; however, there was no significant difference between the groups (WMD = −0.10; 95% CI: −0.27 to 0.08; P = 0.26; random-effects model) [ Figure 2 ]. Contd... [25] Sulaiman and Singh [30] Tian et al. [31] Singh et al. [18] Zheng et al. [32] Chu et al. [36] Year of publication (12) NR (>12) 100:100 (24) NR (>24) 100:100 (6) 100:100 (6) NR (>6) 100:100 (6) NR ( Sulaiman and Singh [30] Tian et al. [31] Singh et al. [18] Zheng et al. [32] Chu et al. [36] Definition fusion/evaluation measure Gu et al. [28] Brodano et al. [27] Zairi et al. [26] Lau et al. [14] Year of publication Contd... Gu et al. [28] Brodano et al. [27] Zairi et al. [26] Lau et al. [14] Inclusion/exclusion criteria Contd... Gu et al. [28] Brodano et al. [27] Zairi et al. [26] Lau et al. [14] Level of fusion L4-L5 Liang et al. [35] Year of publication Villavicencio et al. [ 
23]
Schizas et al. [21] Dhall et al. [13] Scheufler et al. [20] Year of publication Villavicencio et al. [ 
Schizas et al. [21] Dhall et al. [13] Scheufler et al. [20] Definition Wong et al. [25] NS NS NR S NS NR NS NS NS Sulaiman and Singh [30] S NS NS S S NR NS NS NS Tian et al. [31] NS NS NS NS NS NR NS NS NS Singh et al. [18] NS NS NR NS NS NR NS NS NR Chu et al. [36] NS NS NR S NS NR NS NS NS Zheng et al. [32] NS NS NS NS NS NS NS NS NS Saetia et al. [29] S NS NS NS NS NR NS NS NS Gu et al. [28] NS NS NR NS NS NR NS NS NS Brodano et al. [27] NS NS NR NS NS NR NS NS NS Zairi et al. [26] NS NS NR S NS NR NS NS NS Lau et al. [14] NS NS NS S NS NS NS NR NR Rodríguez-Vela et al. [19] NS NS NR NS NS NR NR NS NS Parker et al. [17] NS NS NR NS NS NR NS NS NS Yang et al. [33] NS NS NR S NS NR NS NS NS Lee et al. [16] NS NS NS NS NS NR NS NS NS Lau et al. [15] NS S NR NS NS NR NS NR NS Wang et al. [34] NS NS NR NS NS NR NS NS NS Liang et al. [35] NS NS NR NS NS NR NS NS NS Shunwu et al. [22] NS NS NR NS NS NR NS NS NS Wang et al. [24] NS NS NR NS NS NR NS NS NS Villavicencio et al. [23] NS NS NR S NS NR NR NS NR Schizas et al. [21] NR NR NR NS NR NR NR NS NS Dhall et al. [13] NS NS NR NS NR NR NS NR NS Scheufler et al. [30] 7.3 ± 0.91:7.3 ± 1.41 NR 53.7 ± 6.32:57.8 ± 9.41 Tian et al. [31] [ 34] 4.9 ± 1.0:5.0 ± 1.0 NR 58.8 ± 6.7:57.8 ± 6.7 Liang et al. [35] 5.7 ± 1.3:5.6 ± 1.4
7.1 ± 1.3:7.2 ± 1.3 80.9 ± 6.8:81.3 ± 7.5 Shunwu et al. [22] 6.8 ± 1.2:6.8 ± 1.4 NR 49.7 ± 11.8:52 ± 12 Wang et al. [24] 7.2 ± 2.1:7.4 ± 1.6 NR 41.2 ± 6.6:38.5 ± 7.4 Villavicencio et al. [23] 7.4:8.0 NR NR Schizas et al. [21] group (WMD = −1.57; 95% CI: −2.66 to −0.48; P = 0.005; random-effects model) [ Figure 2 ].
To more effectively compare both the procedures, we also pooled the mean VAS-LP, VAS-BP, and ODI improvement [ Table 4 ]. The findings suggested that the MIS group exhibited a better outcome compared with the open procedure; the mean VAS-LP, VAS-BP, and ODI improvement were 0.2, 0.5, and 2.9, respectively. We also compared the overall mean surgical operation time between the groups [ Table 4 ]. The findings indicated that the operation time of the two groups was basically the same (MIS: open = 195:198) . We also compared the overall mean surgery estimation of blood loss between the groups [ Table 4 ]. The findings indicated that MIS-TLIF was associated with less blood loss (224.4 ml) and reduced bleeding (506.8 ml).
Operation time
Mean blood loss
Length of hospital stay
Twenty-one studies reported the mean length of stay; however, only 15 studies provided the mean and SD of the hospital stay. Statistical analysis was feasible after standardization pooling to compare the functional outcome. Nineteen studies indicated a shorter hospital stay in the MIS group. Our pooled analysis suggested that the MIS group had a significantly shorter length of stay compared with the open group (WMD = −1.89; 95% CI: −2.83 to −0.96; P < 0.0001; random-effects model) [ Figure 3 ].
We also compared the overall mean length of stay between the groups [ Table 3 ]. The findings suggested that MIS-TLIF decreased the hospital stay about 2 days compared with open-TLIF.
Ambulation time
Four studies reported the ambulation time; however, one study did not report the mean and SD. Statistical analysis was feasible after standardization pooling to compare the functional outcome. All studies indicated a shorter time to ambulate in the MIS group. The pooled analysis suggested that the MIS group had a significantly shorter ambulation time compared with the open group (WMD = −1.77; 95% CI: −2.68 to −0.86; P = 0.0001; random-effects model) [ Figure 3 ].
Fusion rate
Sixteen studies reported the fusion rate from a minimum of 6 months to a maximum of 24 months. Fusion was assessed with the use of dynamic flexion-extension radiographs and/or computed tomography scan. However, only 13 studies reported the fusion definition. The fusion rate was 95.9% (658/686) in the MIS-TLIF group and 97.7% (668/684) in the open-TLIF group. There was no significant difference in the fusion rate between the two groups (RR = 0.99; 95% CI: 0.97-1.01; P = 0.34; random-effects model) [ Figure 4 ].
Complication rate
Twenty-two studies reported the complication rate. The complication rate was 15.1% (142/940) in the MIS-TLIF group and 16.4% (142/867) in the open-TLIF group. The pooled analysis suggested that the MIS group had a lower complication rate; however, there was no significant difference between the two groups (RR = 0.84; 95% CI: 0.58-1.21; P = 0.35; random-effects model) [ Figure 4 ].
Reoperation rate
Thirteen studies reported the reoperation rate. The reoperation rate was 0.4% (34/788) in the MIS-TLIF group and 0.5% (37/767) in the open-TLIF group. The pooled analysis suggested that the MIS group had a lower reoperation rate; however, there was no significant difference between the two groups (RR = 0.73; 95% CI: 0.39-1.35; P = 0.32; random-effects model) [ Figure 4 ].
discussion
To determine the efficacy of both treatments, we analyzed the relative information as much detail as possible. Our findings indicated that MIS-TLIF had a better performance in all fields with the exception of the fusion rate [ Table 4 ]. The meta-analysis suggested that MIS-TLIF attained a similar fusion rate, with a significantly shorter hospital stay and quicker ambulation, as well as less blood loss compared with open-TLIF. Patients suffered fewer lesions with less blood loss. MIS-TLIF resulted in quicker rehabilitation and less complications because patients exhibited earlier ambulation, as well as lower medical costs and a shorter hospital stay. For clinical functional outcomes, the preoperative baseline variables were similar between the groups, and the pooled analysis suggested that the MIS group exhibited significantly lower postoperative VAS and ODI scores compared with the open group. Thus, MIS-TLIF resulted in better outcomes and less trauma. These findings are consistent with the studies by Wu et al. [4] and Tian et al. [5] Despite the many fusion technologies, TLIF has become a widely accepted and familiar surgical approach, which decreases the relative nervous complication rate. [54] [55] [56] However, open-TLIF technology also requires splitting of the paraspinal muscle. Although it does not hurt, it breaks a major section of the posterior compartment, which may result in relevant muscle complications and low back pain. [57] Therefore, minimally invasive TLIF was introduced by Foley and Lefkowitz [58] approximately 10 years ago. To date, it has become an increasingly accepted approach with advantages, compared with traditional open surgery, that are attributed to decreased damage to spinal soft tissues and paravertebral muscles. [20, 56, 59] The advantages associated with MIS-TLIF may be attributed to the less intraoperative dissection and retraction of paravertebral muscles. [4, 5, 8, 60] Our meta-analysis indicated that MIS-TLIF was associated with a shorter operation time and lower complication and reoperation rate; however, there was no significant difference between MIS and open-TLIF, which is consistent with the findings of Tian et al. [5] Nevertheless, it is interesting that the compilation and reoperation rate were significantly decreased in the MIS group compared with the open-TLIF group. As shown in Figure 5 , there are several potential reasons for this phenomenon; one major reason may be that the learning curve is very steep and it requires more years and experience to absorb and master minimally invasive surgery skills. [5, 13, 15, 21] The other major one may be possible with surgical devices and the development of equipment.
There are several potential weaknesses in our meta-analysis. First, we included only prospective and retrospective studies in this study; thus, methodological defects were inevitable in these studies and included incorrect blinding or nonblinding, data bias, insufficient baseline comparisons, and insufficient data collection. Second, there were fewer outcome measures in the current study; additional objective or subjective parameters should be used to estimate the clinical outcomes. Third, the fusion definition and judgment were different across the included studies. Moreover, many of the studies comprised short-or medium-term research. Additional, long-term, follow-up studies should be conducted to evaluate both the approaches. Finally, there was unavoidable bias when the data were pooled. Despite these limitations, this updated meta-analysis provides an important clinical reference for the field.
In conclusion, the current meta-analysis indicated that MIS-TLIF resulted in a similar fusion rate with better functional outcome, less blood loss, shorter ambulation, and hospital stay. Furthermore, MIS-TLIF was not associated with an increase in the complication or reoperation rate based on the existing evidence. Thus, we recommend minimally invasive surgery as the first option if the patient meets the indication because it results in fewer lesions, better outcome, and a similar fusion rate compared with the traditional open surgery. Interestingly, MIS-TLIF has been associated with significantly decreased complication and reoperation rate in the recent years. We suggest that this finding is a result of greater acceptance in using MIS-TLIF, familiarity with the procedure, the ability to grasp and master minimally invasive surgery skills, and the relevant development of surgical instructions and apparatuses. Additional, high-quality studies are needed to confirm these findings and further compare the two methods.
Supplementary information is linked to the online version of the paper on the Chinese Medical Journal website. 
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